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(54) Carbon dioxide separating and capturing apparatus and method of operating the same

(57) In one embodiment, a carbon dioxide separating
and capturing apparatus includes an absorption tower
(1) to allow a gas (3) containing carbon dioxide to contact
with an absorption liquid and discharge a rich liquid, a
regeneration tower (6) to cause the absorption liquid to
release a gas containing the carbon dioxide and dis-
charge a lean liquid, and first (5) and second (21) regen-
erative heat exchangers to heat the rich liquid with the
lean liquid. The first regenerative heat exchanger (5)

heats the rich liquid with the lean liquid from the second
regenerative heat exchanger (21) and discharges the rich
liquid in a liquid phase, and the second regenerative heat
exchanger heats the rich liquid in the liquid phase with
the lean liquid from the regeneration tower (6). The lean
liquid from the first regenerative heat exchanger and the
rich liquid from the second regenerative heat exchanger
are fed to the absorption and regeneration towers, re-
spectively.
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Description

FIELD

[0001] Embodiments described herein relate to a car-
bon dioxide separating and capturing apparatus and a
method of operating the same.

BACKGROUND

[0002] Regarding capturing of carbon dioxide, carbon
dioxide capture and storage technology has recently re-
ceived attention as an effective measure against global
warming issues concerned on a global mass scale. In
particular, a method of capturing the carbon dioxide by
using an aqueous solution has been studied in associa-
tion with a thermal power plant and a process exhaust
gas. For example, a carbon dioxide capturing apparatus
is known which includes an absorption tower configured
to generate a rich liquid by causing an absorption liquid
to absorb a gas containing carbon dioxide, and a regen-
eration tower configured to heat the rich liquid discharged
from the absorption tower to release the carbon dioxide
and steam, separate the carbon dioxide from the steam,
and return a generated lean liquid to the absorption tower.
In this carbon dioxide capturing apparatus, the cold rich
liquid is preheated with the hot lean liquid by a regener-
ative heat exchanger and is fed to the regeneration tower,
so that an amount of energy required for releasing the
carbon dioxide is reduced.
[0003] However, since the rich liquid and the lean liquid
flow in liquid phases through the regenerative heat ex-
changer, heat transfer characteristics between these ab-
sorption liquids are low. When a temperature of the rich
liquid is elevated close to an operation temperature of
the regeneration tower by the regenerative heat ex-
changer for the purpose of reducing an amount of energy
input at the regeneration tower, a difference in tempera-
ture between the rich liquid and the lean liquid becomes
small in the vicinity of an outlet of the regenerative heat
exchanger. Specifically, driving force for transferring heat
from the lean liquid to the rich liquid becomes small in
the vicinity of the outlet of the regenerative heat exchang-
er. Therefore, a large regenerative heat exchanger is re-
quired for securing a wide heating area. On the contrary,
when the difference in temperature between the rich liq-
uid and the lean liquid in the vicinity of the outlet of the
regenerative heat exchanger is made large, a tempera-
ture elevation of the rich liquid at the regeneration tower
becomes large, which increases the amount of energy
input at the regeneration tower.
[0004] In order to solve such problems, a regenerative
heat exchanger of plate type is used which is compact
and has high heat transfer characteristics. It can also be
conceivable to set a pressure of the rich liquid side to be
low so as to generate steam (water vapor) and a carbon
dioxide gas from the rich liquid while its temperature is
elevated toward the outlet of the regenerative heat ex-

changer. In this case, extra heat recovery from the lean
liquid can be achieved by latent heat of vaporization dur-
ing the steam generation and heat of dissociation during
the generation of the carbon dioxide gas from the rich
liquid. Therefore, even when the temperature of the rich
liquid is not elevated close to the operation temperature
of the regeneration tower, the amount of energy input at
the regeneration tower can be suppressed. Since the dif-
ference in temperature between the rich liquid and the
lean liquid does not have to be made small, an increase
of the heating area in the regenerative heat exchanger
can be suppressed.
[0005] However, when the rich liquid in the regenera-
tive heat exchanger of plate type becomes a two phase
flow of a gas and a liquid in which the liquid and the gas
are mixed, their flow rates in a plurality of channels be-
tween plates become uneven. When the ratio of the gas
component in the two phase flow increases, heat transfer
planes of the regenerative heat exchanger of plate type
are dried. As a result, heat transfer performance of the
regenerative heat exchanger deteriorates and its opera-
tion becomes unstable. On the other hand, when the tem-
perature elevation of the rich liquid at the regenerative
heat exchanger is made small to suppress the generation
of the gas, the heat recovery from the lean liquid is not
sufficient, causing an effect of reducing the amount of
energy input at the regeneration tower to be small.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a schematic configuration diagram of the
carbon dioxide separating and capturing apparatus
of the first embodiment;
FIG. 2 is a schematic configuration diagram of the
carbon dioxide separating and capturing apparatus
of the second embodiment;
FIG. 3 is a schematic configuration diagram of the
carbon dioxide separating and capturing apparatus
of the third embodiment;
FIG. 4 is a schematic configuration diagram of the
carbon dioxide separating and capturing apparatus
of the fourth embodiment;
FIG. 5 is a schematic configuration diagram of the
carbon dioxide separating and capturing apparatus
of the fifth embodiment;
FIG. 6 is a schematic configuration diagram of the
carbon dioxide separating and capturing apparatus
of the sixth embodiment; and
FIG. 7 is a schematic configuration diagram of the
carbon dioxide separating and capturing apparatus
of the seventh embodiment.

DETAILED DESCRIPTION

[0007] Embodiments will now be explained with refer-
ence to the accompanying drawings.

1 2 
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[0008] In one embodiment, a carbon dioxide separat-
ing and capturing apparatus includes an absorption tower
to which a gas containing carbon dioxide is introduced,
the absorption tower being configured to allow the gas
to contact with an absorption liquid for absorbing the car-
bon dioxide, and to discharge a rich liquid which is the
absorption liquid having absorbed the carbon dioxide, a
regeneration tower configured to heat the absorption liq-
uid to cause the absorption liquid to release a gas con-
taining the carbon dioxide, and to discharge a lean liquid
whose concentration of dissolved carbon dioxide is lower
than a concentration of dissolved carbon dioxide concen-
tration in the rich liquid, and first and second regenerative
heat exchangers configured to heat the rich liquid by us-
ing the lean liquid. The first regenerative heat exchanger
is a heat exchanger of plate type, heats the rich liquid
discharged from the absorption tower by using the lean
liquid discharged from the second regenerative heat ex-
changer, and discharges the rich liquid in a liquid phase.
The second regenerative heat exchanger is a heat ex-
changer of shell-and-tube type, heats the rich liquid in
the liquid phase discharged from the first regenerative
heat exchanger by using the lean liquid discharged from
the regeneration tower, and causes the rich liquid to gen-
erate a steam and to release a carbon dioxide gas. The
lean liquid discharged from the first regenerative heat
exchanger is fed to the absorption tower, and the rich
liquid, the steam and the carbon dioxide gas discharged
from the second regenerative heat exchanger is fed to
the regeneration tower.

(First Embodiment)

[0009] FIG. 1 is a schematic configuration diagram of
the carbon dioxide separating and capturing apparatus
of the first embodiment. As shown in FIG. 1, the carbon
dioxide separating and capturing apparatus includes an
absorption tower 1, a first regenerative heat exchanger
5 of plate type, a second regenerative heat exchanger
21 of shell-and-tube type, a regeneration tower 6, a re-
boiler 8, a lean liquid tank 11 and a lean liquid cooler 13.
[0010] A combustion exhaust gas 3 from a thermal
power plant or the like is introduced to a lower portion of
the absorption tower 1 via a combustion exhaust gas
feeding inlet (not shown). In the absorption tower 1, the
combustion exhaust gas 3 contacts with an absorption
liquid, and carbon dioxide in the combustion exhaust gas
3 is absorbed in the absorption liquid. The absorption
liquid is introduced from the upper portion of the absorp-
tion tower 1, passes through a packed bed 2 which is
filled with packings for enhancing efficiency of gas-liquid
contact, and flows down in the absorption tower 1. For
example, a mixture of an amine compound and water
can be used as the absorption liquid.
[0011] The greater part of the carbon dioxide in the
combustion exhaust gas 3 is absorbed in the absorption
liquid, and the exhaust gas whose carbon dioxide content
is reduced is discharged from a top of the absorption

tower 1. The exhaust gas discharged from the absorption
tower 1 is cooled by an absorption tower reflux condenser
14 to condense moisture into droplets of water and they
are separated from the gas by a gas-liquid separator 15.
A carbon dioxide-released gas 16 is discharged to the
outside. Since the condensed water separated by the
gas-liquid separator 15 contains an absorption liquid
component, it is returned to the absorption tower 1.
[0012] In a bottom portion of the absorption tower 1, a
rich liquid which is the absorption liquid having absorbed
the carbon dioxide is collected. The rich liquid collected
in the bottom portion of the absorption tower 1 is dis-
charged from the bottom portion of the absorption tower
1 by a rich liquid transferring pump 4 and passes through
the first regenerative heat exchanger 5 and the second
regenerative heat exchanger 21. The rich liquid is heated
with a hot lean liquid discharged from a bottom portion
of the regeneration tower 6 at the first regenerative heat
exchanger 5 and the second regenerative heat exchang-
er 21. The heated rich liquid is fed to the regeneration
tower 6.
[0013] The rich liquid fed to the regeneration tower 6
passes through a packed bed 7 which is filled with pack-
ings for enhancing efficiency of gas-liquid contact, flows
down in the regeneration tower 6 and is collected in the
bottom portion of the regeneration tower 6. The absorp-
tion liquid collected in the bottom portion of the regener-
ation tower 6 is partly discharged from the bottom portion
of the regeneration tower 6 and the other is circulated
between the regeneration tower 6 and the reboiler 8. The
absorption liquid is heated with a heating medium 9 at
the reboiler 8 and generates the steam and releases a
carbon dioxide gas. These gases and the absorption liq-
uid are returned into the regeneration tower 6 and only
these gases pass through the packed bed 7 with their
elevation. They heat the flowing-down absorption liquid.
As a result, the carbon dioxide gas and the steam are
released from the rich liquid fed to the regeneration tower
6, and a lean liquid which is the absorption liquid having
released the carbon dioxide gas is collected in the bottom
portion of the regeneration tower 6.
[0014] The exhaust gas containing the carbon dioxide
gas and the steam released from the absorption liquid is
discharged from the top of the regeneration tower 6. The
exhaust gas discharged from the regeneration tower 6
is cooled by a regeneration tower reflux condenser 17 to
condense moisture into droplets of water and they are
separated from the gas by a gas-liquid separator 18. A
carbon dioxide gas 19 is discharged to the outside. Mean-
while, the condensed water separated by the gas-liquid
separator 18 is returned to the regeneration tower 6 for
the purpose to hold a water concentration in the absorp-
tion liquid is held constant.
[0015] In the bottom portion of the regeneration tower
6, the lean liquid which is the absorption liquid whose
concentration of the dissolved carbon dioxide is reduced
is collected. The lean liquid is discharged from the bottom
portion of the regeneration tower 6 and passes through
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the second regenerative heat exchanger 21 and the first
regenerative heat exchanger 5 in this order with a lean
liquid transferring pump 10. This hot lean liquid heats the
cold rich liquid discharged from the bottom portion of the
absorption tower 1 at the second regenerative heat ex-
changer 21 and the first regenerative heat exchanger 5.
The lean liquid having passed through the first regener-
ative heat exchanger 5 is stored in the lean liquid tank
11. The lean liquid stored in the lean liquid tank 11 is fed
to the upper portion of the absorption tower 1 after being
cooled at the lean liquid cooler 13 with a lean liquid re-
turning pump 12. The lean liquid fed to the absorption
tower 1 is reused for absorption of the carbon dioxide
contained in the combustion exhaust gas 3.
[0016] Next, the first regenerative heat exchanger 5
and the second regenerative heat exchanger 21 are de-
scribed. The first regenerative heat exchanger 5 and the
second regenerative heat exchanger 21 are arranged in
series in order to exchange the heats between the rich
liquid line from the absorption tower 1 toward the regen-
eration tower 6 and the lean liquid line from the regener-
ation tower 6 toward the absorption tower 1 intersect.
[0017] The first regenerative heat exchanger 5 is a
compact heat exchanger of plate type. While the lean
liquid from the regeneration tower 6 is hot because it has
obtained heat with the reboiler 8, it is fed to the first re-
generative heat exchanger 5 after heating the rich liquid
at the second regenerative heat exchanger 21. At the
first regenerative heat exchanger 5, the remaining heat
of the lean liquid heats the rich liquid. The rich liquid starts
to generate the steam and to release the carbon dioxide
gas when its temperature exceeds the predetermined
value determined by its pressure and concentration of
the dissolved carbon dioxide. But at the first regenerative
heat exchanger 5, the rich liquid is heated to the temper-
ature of no generation of the steam and the carbon diox-
ide gas.
[0018] The rich liquid heated at the first regenerative
heat exchanger 5 is fed to a shell side of the second
regenerative heat exchanger 21 of shell-and-tube type
via a rich liquid inlet 24, and contained as a two phase
of a gas and a liquid in the lower portion of the second
regenerative heat exchanger 21. For example, a heat
exchanger of kettle reboiler type can be used as the heat
exchanger of shell-and-tube type. The lean liquid from
the regeneration tower 6 is fed to a lean liquid channel
23 of the second regenerative heat exchanger 21 via a
lean liquid inlet 27, and heats the rich liquid collected in
the lower portion. Thereby, the rich liquid generates the
steam and releases the carbon dioxide gas and is sep-
arated into the gas and a semi-lean liquid after the gas
is released due to the buoyancy. The gas released from
the rich liquid is discharged from a gas outlet 25 on the
upper side of the shell side and fed to the regeneration
tower 6. The rich liquid (semi-lean liquid) whose concen-
tration of the dissolved carbon dioxide is reduced due to
releasing the gases overflows the weir 20 in the left side
of the shell in the figure to be discharged from a semi-

lean liquid outlet 26. This semi-lean liquid is fed to the
regeneration tower 6 by a pump 22.
[0019] The lean liquid after heating the rich liquid at
the second regenerative heat exchanger 21 is dis-
charged from a lean liquid outlet 28 and fed to the first
regenerative heat exchanger 5. It heats the cold rich liquid
from the absorption tower 1.
[0020] As described above, the rich liquid in the
present embodiment flows as the liquid phase in the first
regenerative heat exchanger 5 of plate type, and gener-
ates the steam and releases the carbon dioxide gas at
the second regenerative heat exchanger 21 of shell-and-
tube type. At the first regenerative heat exchanger 5, the
rich liquid is heated with the lean liquid in the liquid phase.
Therefore, the device can be made compact. Moreover,
deterioration of heat transfer performance due to drift flow
can be suppressed to attain stable operation. At the sec-
ond regenerative heat exchanger 21, releasing the gases
from the rich liquid enables latent heat generated during
the steam generation and dissociation of the carbon di-
oxide gas to be used, which increases the quantity of the
heat recovery from the lean liquid.
[0021] Therefore, according to the present embodi-
ment, the quantity of the heat recovery at the regenerative
heat exchangers can be increased and the carbon diox-
ide separating and capturing apparatus including regen-
erative heat exchangers can be operated stably. More-
over, the amount of energy input required for releasing
carbon dioxide at the regeneration tower 6 can be re-
duced.
[0022] At the second regenerative heat exchanger 21,
the rich liquid is heated to generate the steam and to
release the carbon dioxide gas and to become a two
phase flow of a gas and a liquid. For the stable operations,
this two phase flow is preferable to be an elevating or
horizontal flow rather than a falling flow.
[0023] In the first embodiment, an example in which a
heat exchanger of shell-and-tube type is used as the sec-
ond regenerative heat exchanger 21 is described, where-
as a heat exchanger of double tube type or a heat ex-
changer of jacket type in which a coil-shaped tube is im-
mersed in the vessel or of spiral plate type can also be
used. Furthermore, regarding the tube itself, the tube
whose outer surface and/or inner surface are processed
to have fins or the like can also be used to enhance the
heat transfer performances.

(Second Embodiment)

[0024] FIG. 2 is a schematic configuration diagram of
the carbon dioxide separating and capturing apparatus
of the second embodiment. The carbon dioxide separat-
ing and capturing apparatus of the present embodiment
is different in that the rich liquid is fed to the tube side of
the second regenerative heat exchanger 21 which is a
heat exchanger of shell-and-tube type compared with the
first embodiment shown in FIG. 1.
[0025] The rich liquid in a liquid phase heated at the
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first regenerative heat exchanger 5 is fed to the second
regenerative heat exchanger 21 via the rich liquid inlet
24. The hot lean liquid from the regeneration tower 6 is
fed to the shell side of the second regenerative heat ex-
changer 21 via the lean liquid inlet 27.
[0026] Heating the rich liquid at the second regenera-
tive heat exchanger 21 generates the steam and releases
the carbon dioxide gas. The rich liquid flows horizontally
in two phases of a gas and a liquid and undergoes gas-
liquid separation due to the gravity in a water chamber
on the right side in the figure. The gas is discharged via
the gas outlet 25 and fed to an upper portion of the re-
generation tower 6. Meanwhile, the liquid is discharged
via the semi-lean liquid outlet 26 and fed to the upper
portion of the regeneration tower 6 by the pump 22. The
lean liquid flows on the shell side to heat the rich liquid,
and is then discharged from the lean liquid outlet 28 and
fed to the regenerative heat exchanger 5.
[0027] Also in such a configuration, the rich liquid is
heated with the lean liquid in a liquid phase at the first
regenerative heat exchanger 5 as similar to the first em-
bodiment. Therefore, the device can be made compact.
Moreover, deterioration of heat transfer performance due
to drift flow can be suppressed to attain stable operation.
Releasing the gas from the rich liquid at the second re-
generative heat exchanger 21 enables latent heat gen-
erated during the steam generation and dissociation of
the carbon dioxide gas to be used, which increases the
quantity of the heat recovery from the lean liquid.

(Third Embodiment)

[0028] FIG. 3 is a schematic configuration diagram of
the carbon dioxide separating and capturing apparatus
of the third embodiment. The carbon dioxide separating
and capturing apparatus of the present embodiment is
different in that the second regenerative heat exchanger
21 of shell-and-tube type is installed vertically and is of
falling liquid film type in which the rich liquid is allowed
to flow downward on the tube side compared with the
first embodiment shown in FIG. 1.
[0029] The rich liquid is fed via the rich liquid inlet 24
on a tube side top portion of the second regenerative
heat exchanger 21. In this case, it is preferable that the
pressure of the rich liquid is reduced by installing a pres-
sure reducing valve or the like on an upstream side of
the feeding inlet to cause a large amount of a gas to be
generated to reduce the amount of the liquid falling in the
tube. Due to this, a thin liquid film is formed on the tube
wall surface and a space for the gas passing through is
secured in the center portion. The liquid film is heated
with the hot lean liquid flowing on the shell side from the
regeneration tower 6 and falls, further generating the gas.
The generated gas flows upward in the space of the cent-
er portion.
[0030] The gas is discharged from the gas outlet 25 on
the tube side top portion and fed to the regeneration tower
6. The semi-lean liquid discharged from the semi-lean

liquid outlet 26 on the bottom portion of the second re-
generative heat exchanger 21 is fed to the upper portion
of the regeneration tower 6 by the pump 22.
[0031] Also in such a configuration, the rich liquid is
heated with the lean liquid in a liquid phase at the first
regenerative heat exchanger 5 as similar to the first em-
bodiment. Therefore, the device can be made compact.
Moreover, deterioration of heat transfer performance due
to drift flow can be suppressed to attain stable operation.
Releasing the gas from the rich liquid at the second re-
generative heat exchanger 21 enables latent heat gen-
erated during the steam generation and dissociation of
the carbon dioxide gas to be used, which increases the
quantity of the heat recovery from the lean liquid to be
increased.

(Fourth Embodiment)

[0032] FIG. 4 is a schematic configuration diagram of
the carbon dioxide separating and capturing apparatus
of the fourth embodiment. The carbon dioxide separating
and capturing apparatus of the present embodiment is
different in that the second regenerative heat exchanger
21 which is a heat exchanger of shell-and-tube type is
installed vertically and the rich liquid is caused to flow
upward on the tube side compared with the first embod-
iment shown in FIG. 1.
[0033] The rich liquid is fed via the rich liquid inlet 24
on a tube side bottom portion of the second regenerative
heat exchanger 21. The hot lean liquid from the regen-
eration tower 6 is fed to the second regenerative heat
exchanger 21 via the lean liquid inlet 27 on a shell side
upper portion, and flows downward on the shell side to
be discharged from the lean liquid outlet 28. The rich
liquid elevating on the tube side is heated with the hot
lean liquid and generates the gas. The rich liquid is sep-
arated into the gas and the semi-lean liquid in the top
portion of the second regenerative heat exchanger 21.
The gas is discharged from the gas outlet 25 and the
semi-lean liquid is discharged from the semi-lean liquid
outlet 26. The discharged gas is fed to the upper portion
of the regeneration tower 6. The discharged semi-lean
liquid is fed to the upper portion of the regeneration tower
6 by the pump 22.
[0034] Also in such a configuration, the rich liquid is
heated with the lean liquid in a liquid phase at the first
regenerative heat exchanger 5 as similar to the first em-
bodiment. Therefore, the device can be made compact.
Moreover, deterioration of heat transfer performance due
to drift flow can be suppressed to attain stable operation.
Releasing the gas from the rich liquid at the second re-
generative heat exchanger 21 enables latent heat gen-
erated during the steam generation and dissociation of
the carbon dioxide gas to be used, which increases the
quantity of the heat recovery from the lean liquid to be
increased.
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(Fifth Embodiment)

[0035] FIG. 5 is a schematic configuration diagram of
the carbon dioxide separating and capturing apparatus
of the fifth embodiment. The carbon dioxide separating
and capturing apparatus of the present embodiment is
different in that the second regenerative heat exchanger
21 which is a heat exchanger of shell-and-tube type is
installed vertically and the rich liquid is caused to flow
upward on the shell side compared with the first embod-
iment shown in FIG. 1.
[0036] The rich liquid is fed via the rich liquid inlet 24
on a shell side lower portion of the second regenerative
heat exchanger 21. The hot lean liquid from the regen-
eration tower 6 is fed from the lean liquid inlet 27 on a
tube side upper portion of the second regenerative heat
exchanger 21, and flows downward toward the lean liquid
outlet 28 on the bottom portion. At this stage, the rich
liquid is heated with the hot lean liquid. Then, the rich
liquid is discharged in two phases of a gas and a liquid
from a nozzle on the shell side upper portion, elevating
and generating the gas. The rich liquid in two phases of
a gas and a liquid is separated into the gas and the liquid
by a gas-liquid separator 29 and the gas is fed to the
upper portion of the regeneration tower 6. The liquid
(semi-lean liquid) is fed to the upper portion of the regen-
eration tower 6 by the pump 22.
[0037] The gas-liquid separator 29 may be omitted to
feed the rich liquid in two phases of a gas and a liquid
from the nozzle on the shell side upper portion directly
to the upper portion of the regeneration tower 6.
[0038] Also in such a configuration, the rich liquid is
heated with the lean liquid in a liquid phase at the first
regenerative heat exchanger 5 as similar to the first em-
bodiment. Therefore, the device can be made compact.
Moreover, deterioration of heat transfer performance due
to drift flow can be suppressed to attain stable operation.
Releasing the gas from the rich liquid at the second re-
generative heat exchanger 21 enables latent heat gen-
erated during the steam generation and dissociation of
the carbon dioxide gas to be used, which increases the
quantity of the heat recovery from the lean liquid to be
increased.

(Sixth Embodiment)

[0039] FIG. 6 is a schematic configuration diagram of
the carbon dioxide separating and capturing apparatus
of the sixth embodiment. The carbon dioxide separating
and capturing apparatus of the present embodiment is
different in that the state of the rich liquid fed to the second
regenerative heat exchanger 21 is monitored compared
with the first embodiment shown in FIG. 1.
[0040] As shown in FIG. 6, a pressure adjusting valve
30, a measuring device 32 of a temperature of the rich
liquid, and a measuring device 33 of a pressure of the
rich liquid are provided on the rich liquid line between the
first regenerative heat exchanger 5 and the rich liquid

inlet 24 of the second regenerative heat exchanger 21.
The pressure adjusting valve 30 adjusts the pressure of
the rich liquid. The measuring device 32 of the temper-
ature of the rich liquid and the measuring device 33 of
the pressure of the rich liquid measure the temperature
and the pressure of the rich liquid discharged from the
first regenerative heat exchanger 5 (to be fed to the sec-
ond regenerative heat exchanger 21) to report the meas-
urement results to a controller 34.
[0041] Moreover, a measuring device 31 of a concen-
tration of the carbon dioxide dissolved in the rich liquid
is provided on the rich liquid line between a reservoir in
the bottom portion of the absorption tower 1 and an inlet
portion of the first regenerative heat exchanger 5. The
measuring device 31 of the concentration of the carbon
dioxide dissolved in the rich liquid measures a dissolved
carbon dioxide concentration of the rich liquid discharged
from the absorption tower 1 (to be fed to the first regen-
erative heat exchanger 5) to report the measurement re-
sult to the controller 34.
[0042] The controller 34 has the gas-liquid equilibrium
data of the absorption liquid used in the carbon dioxide
separating and capturing apparatus. Thereby, the con-
troller 34 calculates the pressure value at which the rich
liquid starts to generate the gases in the first regenerative
heat exchanger 5, on the basis of the measured values
obtained from the measuring device 31 of the concen-
tration of the dissolved carbon dioxide in the rich liquid
and the measuring device 32 of the temperature of the
rich liquid. Then, the controller 34 controls the adjustment
valve 30 so that an outlet pressure of the first regenerative
heat exchanger 5, that is, the measured value from the
measuring device 33 of the pressure of the rich liquid is
equal to or greater than the calculated pressure value.
[0043] Thereby, the rich liquid can be maintained sta-
bly in the liquid phase at the first regenerative heat ex-
changer 5, and in the two phase of the gas and the liquid
at the second regenerative heat exchanger 21, which
allows to operate stably.
[0044] According to the present embodiment, the rich
liquid is heated with the lean liquid in the liquid phase at
the first regenerative heat exchanger 5 as similar to the
first embodiment. Therefore, the device can be made
compact. Moreover, deterioration of heat transfer per-
formance due to drift flow can be suppressed to attain
stable operation. Releasing the gas from the rich liquid
at the second regenerative heat exchanger 21 enables
latent heat generated during the steam generation and
dissociation of the carbon dioxide gas to be used, which
increases the quantity of the heat recovery from the lean
liquid to be increased.

(Seventh Embodiment)

[0045] FIG. 7 is a schematic configuration diagram of
the carbon dioxide separating and capturing apparatus
of the seventh embodiment. The carbon dioxide sepa-
rating and capturing apparatus of the present embodi-
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ment is different in that the rich liquid discharged from
the absorption tower 1 is divided into two, one of them is
fed to the first regenerative heat exchanger 5 and the
other is fed to a carbon dioxide generating device 36
compared with the first embodiment shown in FIG. 1.
[0046] As shown in FIG. 7, the rich liquid discharged
from the absorption tower 1 is divided into a first rich liquid
R1 and a second rich liquid R2 at a flow divider 35. The
first rich liquid R1 is fed to the first regenerative heat
exchanger 5 and undergoes heat exchange with the lean
liquid to be heated. The first rich liquid R1 is discharged
in a liquid phase from the first regenerative heat exchang-
er 5 and further heated at the second regenerative heat
exchanger 21 to be in two phases of a gas and a liquid.
[0047] The second rich liquid R2 is fed to the carbon
dioxide generating device 36. The carbon dioxide gen-
erating device (heat exchanger) 36 heats the second rich
liquid R2 by using a hot gas discharged from the top
portion of the regeneration tower 6. Thereby, since heat
held by the gas discharged from the top portion of the
regeneration tower 6 can be captured to the second rich
liquid R2, an amount of energy input to the reboiler 8 can
further be reduced.
[0048] According to the present embodiment, the rich
liquid is heated with the lean liquid in the liquid phase at
the first regenerative heat exchanger 5 as similar to the
first embodiment. Therefore, the device can be made
compact. Moreover, deterioration of heat transfer per-
formance due to drift flow can be suppressed to attain
stable operation. Releasing the gas from the rich liquid
at the second regenerative heat exchanger 21 enables
latent heat generated during the steam generation and
dissociation of the carbon dioxide gas to be used, which
increases the quantity of the heat recovery from the lean
liquid to be increased.
[0049] In the present embodiment, even when the car-
bon dioxide generating device 36 is omitted and the sec-
ond rich liquid R2 is fed directly to the vicinity of the top
portion of the regeneration tower 6 and allowed to contact
with the hot gas inside the regeneration tower 6, the sim-
ilar effect can be attained.
[0050] According to at least one of the embodiments
described above, a recovery quantity of heat at the re-
generative heat exchangers can be increased and the
carbon dioxide separating and capturing apparatus can
be stably operated.
[0051] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel apparatuses
and methods described herein may be embodied in a
variety of other forms; furthermore, various omissions,
substitutions and changes in the form of the apparatuses
and methods described herein may be made without de-
parting from the spirit of the inventions. The accompany-
ing claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

Claims

1. A carbon dioxide separating and capturing appara-
tus comprising:

an absorption tower to which a gas containing
carbon dioxide is introduced, the absorption
tower being configured to allow the gas to con-
tact with an absorption liquid for absorbing the
carbon dioxide, and to discharge a rich liquid
which is the absorption liquid having absorbed
the carbon dioxide;
a regeneration tower configured to heat the ab-
sorption liquid to cause the absorption liquid to
release a gas containing the carbon dioxide, and
to discharge a lean liquid whose concentration
of dissolved carbon dioxide is lower than a con-
centration of dissolved carbon dioxide in the rich
liquid; and
first and second regenerative heat exchangers
configured to heat the rich liquid by using the
lean liquid,
wherein
the first regenerative heat exchanger is a heat
exchanger of plate type, heats the rich liquid dis-
charged from the absorption tower by using the
lean liquid discharged from the second regen-
erative heat exchanger, and discharges the rich
liquid in a liquid phase,
the second regenerative heat exchanger is a
heat exchanger of shell-and-tube type, heats the
rich liquid in the liquid phase discharged from
the first regenerative heat exchanger by using
the lean liquid discharged from the regeneration
tower, and causes the rich liquid to generate a
steam and to release a carbon dioxide gas,
the lean liquid discharged from the first regen-
erative heat exchanger is fed to the absorption
tower, and
the rich liquid, the steam and the carbon dioxide
gas discharged from the second regenerative
heat exchanger is fed to the regeneration tower.

2. The apparatus of Claim 1, further comprising:

a first measuring device configured to measure
the concentration of the dissolved carbon diox-
ide in the rich liquid fed to the first regenerative
heat exchanger;
a second measuring device configured to meas-
ure a temperature of the rich liquid discharged
from the first regenerative heat exchanger;
a third measuring device configured to measure
a pressure of the rich liquid discharged from the
first regenerative heat exchanger;
a pressure adjusting valve configured to adjust
the pressure of the rich liquid discharged from
the first regenerative heat exchanger; and
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a controller configured to calculate, by using the
values of the first and second measuring devices
and gas-liquid equilibrium data of the absorption
liquid, a pressure value at which the rich liquid
discharged from the first regenerative heat ex-
changer maintains it in the liquid phase, and to
control the pressure adjusting valve so that a
measurement result of the third measuring de-
vice is equal to or greater than the calculated
pressure value.

3. The apparatus of Claim 1, further comprising a flow
divider configured to divide the rich liquid discharged
from the absorption tower into a first rich liquid and
a second rich liquid,
wherein
the first rich liquid is fed to the first regenerative heat
exchanger, and
the second rich liquid is heated with a gas containing
the carbon dioxide discharged from the regeneration
tower.

4. The apparatus of Claim 1, wherein the second re-
generative heat exchanger is a heat exchanger of
kettle reboiler type.

5. A method of operating a carbon dioxide separating
and capturing apparatus including an absorption
tower, a regeneration tower, a first regenerative heat
exchanger of plate type, and a second regenerative
heat exchanger of shell-and-tube type, the method
comprising:

allowing a gas containing carbon dioxide to con-
tact with a lean liquid discharged from the first
regenerative heat exchanger in the absorption
tower, and discharging a rich liquid which is the
absorption liquid having absorbed carbon diox-
ide from the absorption tower;
heating the rich liquid discharged from the ab-
sorption tower by using the lean liquid dis-
charged from the second regenerative heat ex-
changer in the first regenerative heat exchang-
er, and discharging the rich liquid in a liquid
phase;
heating the rich liquid in the liquid phase dis-
charged from the first regenerative heat ex-
changer by using the lean liquid discharged from
the regeneration tower in the second regenera-
tive heat exchanger, and allowing the rich liquid
to generate a steam and to release a carbon
dioxide gas; and
feeding the rich liquid, the steam and the carbon
dioxide gas discharged from the second regen-
erative heat exchanger to the regeneration tow-
er to cause the rich liquid to release a gas con-
taining the carbon dioxide, and discharging the
lean liquid whose concentration of dissolved

carbon dioxide is lower than a concentration of
dissolved carbon dioxide in the rich liquid.
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